Abstract: The knowledge of the ground electrical resistivity is essential to ensure the protection of electrical and telecommunications networks. However, the monitoring of its values is an expensive task which takes long time. Therefore, its prediction is important. This study investigates on predicting soil electrical resistivity using Artificial Neural Networks. Nine sites of our city (Lome, TOGO) were considered. After characterization of the resistivity data collected on these sites, two models have been developed: Multilayer Perceptron (MLP) and Radial Basis Function (RBF) networks. Relative Root Mean Square Error (RRMSE) and R 2 (Linear Correlation Coefficient) have been used to evaluate each model performance. For the MLP model, the configuration [ABCDEF] is the most efficient with the RRMSE = 12.00%, R 2 = 81.91% and 70 neurons under the hidden layer. For the RBF model, the configuration [BCDEF] is the most efficient with the RRMSE = 16.07%, R 2 = 69.97% and 100 neurons under the hidden layer. In general, the results exhibit that the MLP outcome configuration [ABCDEF] is the most efficient with the best RRMSE = 16.07% and R 2 = 69.97%. The letter A, B and C are the weather parameters and D, E, F are the geo-referenced coordinates of the measuring point. So far, research has not focused on predicting the electrical resistivity of the soil at a given location. Thus, the results of this study show that from meteorological data, it's possible to predict this electrical resistivity.
Introduction
Electrical energy appears as the main factor for the socio-economic development of a nation. The use of this energy exposes people and property to risks. Then, leaders give themselves as a duty to protect energy networks in order to meet the ever-increasing needs of the population. One of the quality factors of this protection is the earthing system, which plays an important role in the telecommunications and power distribution networks for the safe operation of any installation (Nassereddine et al., 2013; Choi and Lee, 2012; Kamel, 2011; Houndedako et al., 2014; Nzuru Nsekere, 2009 ). Thus, a properly designed earthing system is able to dissipate large currents to the earth safely, regardless of the type of fault.
The estimation of soil electrical resistivity values is an important parameter when designing earthing systems.The soil resistivity varies with parameters such as temperature, water content, soil composition, weather etc. It requires an adequate modeling method, this has been emphasized in (Legrand, 2007) . In this regard, a classical approach has been developed to estimate soil resistance. The authors applied anArtificial Neural Networks (ANN) to the data of historical resistivity and precipitation (Asimakopoulou, 2013) . Meanwhile, Dharmadasa et al. (2013) developed a suitable software tool with low cost to meet the requirements of the artificial intelligence concepts (Dharmadasa et al., 2013) .
A Generalized Neural Network Regression (GRNN) was developed to predict the soil resistance in Athens using key instabilities affecting the variation of soil resistance such as soil composition, water content, temperature, mass electrodes and electrode spacing (Anbazhagan, 2015) . The study was conducted on measurements of soil resistivity, temperature and period 44 to estimate the variation of soil electrical resistivity throughout the year using Artificial Neural Networks (Asimakopoulou, 2011) . Similar study has been performed in (Marcin and Furmanski, 2013) . The authors made use of an ANN model with three hidden layers to predict thermal conductivity of granular media.The studyin (Afa and Anaele, 2010) showed that seasonal variation and soil type have a considerable influence on the electrical characteristics of the soil and thus affect the performance of earth systems. Abda et al. (2015) investigatedan extreme water flow rates by help of an ANN and fuzzy inference systemsagainst traditional statistical modelsin the Algerian coastal basins.The obtained results with the ANN methods have given a lower error than those obtained by the classical statistical methods.
This studies focuses on modeling the soil electrical resistivity using Multilayer Perceptron and the Radial Basis Functional Networks approaches, based on the weather conditions during the measurements. It also takes into accountthe geo-referenced coordinates measuring point, the ambient temperature. The data were collected on nine sites of Lome city (Togo). These sites are West side of Institut Confucius, North side of Institut Confucius, West side of Institut Confucius, South side of Campus numérique, North side of Campus numérique, West side of Campus numérique, South side of Bloc Pédagogique, North side of Bloc Pédagogique and West side of Bloc Pédagogique. These sites were chosen due to the need improving the electrical protection system and the safety of goods, people against electrical defects.
Study Models
In principle, ANN can be applied to perform many tasks, such as pattern recognition or classification problems, (Gronarz et al., 2016) . In our present investigation, their capability for function approximation and interpolation is used.
The output of a neural network takes into account the learning procedure. The learning process is based on the retro propagation of the error. Its output is expressed as shows by relation (1):
Where: 1<k<m; m = The number of nodes O k = The output of the k th node of the output layer W kj = The connection between the j th neuron ofhidden layer and k th neuron of output layer b j(x) = The output of the j th neuron of the hiddenlayer θ k = The bias of the k th neuronof output layer
The architecture of Multilayer Perceptron (MLP) model is shown in Fig. 1 . The output of this model is given byrelation (2):
Where: y = The predicted value with the neural network n = The number of hidden layers β 0 = The bias β 0 = The weighted coefficients h i = The result of the non-linear transformation of the ith hidden unit
The basic radial function model (RBF) differs from the MLP model by a Gaussian activation function at the hidden layer as shown in Fig. 2 . During the learning process, each neuron in the hidden layer performs a nonlinear transformation (Akim Salami et al., 2018) . The output of the model is expressed as follows by the relation (3):
Where: µ j and σ j = Respectively the center and the width(standard deviation) of the Gaussian function ofthe j th neuron of the hidden layer X i = Input variables of the neuron q = The number of neurons in the hidden layer(1<j<q)
Four indicators are taken into account in the evaluation of the performances of the various configurations: Mean Absolute Percentage Error (MAPE), Root Mean Square Error (RMSE), Relative Root Mean Square Error (RRMSE) and the correlation coefficient (R²). These indicators are given by the relations (4 to 7):
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In relations (4), (5), (6) and (7), N is the number of measured values; Y j,p are the estimated values; Y j,r are measured values; Y p,avg is the predicted mean valueand Y r,avg is the measured mean value.
Methodology
The Data processing and implementation of the prediction models were performed using the "nftool" toolbox of the Matlab software. The data used come from the Wenner method (Wenner, 1915) , with electrodes embedded in the ground to a depth of one metre (1 m) on the nine (09) sites whose geo-referenced coordinates are presented in Table 1 . Pre-treatment was After this step, we choose the model for the learning phase. The accuracy of the model may depend on the choice of input parameters. This involves the elimination of some redundant variables those provide less or no information to describe the output. Thus we explore all the configurations for each of the two models in order to retain the one that will provide the smallest error (RRMSE). The diagram in Fig. 3 summarizes the entire survey. Table 4 shows the statistical parameters of the measured resistivity data. frequency histograms superimposed on the normal distribution function are showed for each site in Figs. 4, 5, 6, 7, 8, 9, 10, 11 and 12. Fig. 13 gives information between resistivity classes and the ambient temperature. For prediction, the number of hidden layer neurons and performance indicators are given for both models, the MLP and the RBF. For each of these models, ten learning configurations are considered in the simulation as shown in Tables 5 to 15 and 16 to 26, respectively for MLP and RBF. In these tables, the symbol (*) and in bold indicates the best performance of a given configuration. Indeed, the synaptic weights change with each run, which introduces a slight difference in the results at each iteration. Table 27 summarizes the performance of all configurations for the two models considered with respect to the defined number of neurons for the hidden layer and performance indicators.
Results

Discussion
The coefficients of "Kurtosis" and "Skewness" of the measured resistivity data showed in Table 4 , led to the conclusion that the evolution of the resistivity data is close to the normal distribution. To confirm that "Normal" aspect of the data, frequency histograms were superimposed on the normal distribution function. Table 6 : Table 7 : Table 8 : Table 10 : Table 11 : Table 12 : Table 14 : MLP model performances -configuration "10" Table 18 : Table 19 : Table 20 : Table 22 : Table 23 : Table 24 : RBF model performances -configuration "9" Table 26 : RBF model performances -configuration "11" The results obtained for the estimation show that the number of neurons under the hidden layer has a significant impact on the performance of layered networks. Table 28 shows the most appropriate configuration for modeling the electrical resistivity of the soil. Configuration 11 of the MLP model provides the smallest RRMSE (12.00%) with 70 neurons under the hidden layer.
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It should be noted that the number of neurons of the hidden layer and the RRMSE error are the criteria used to select the performance configuration. In view of this work, if you have to choose a model to predict the electrical resistivity of the ground, it must be the MLP 11. Fig.14 shows a correlation between predicted and measured values. With the cloud of points, it is clear that it may happen that some predictions do not give good results given that some points are too far from the line Y = X (of the first bisector). There is an advantage, however, that the majority of the points are distributed around the right. An enlargement of the database and/or an increase in the number of input parameters may make it possible to overcome this insufficiency.
Conclusion
This work applied artificial neural networks to model the electrical resistivity of soils, based on experimental data collected from nine sites in Lomé. The results show that Perceptron Multilayer configuration (MLP) has the best result compared to the Radial Basis Function (RBF). This MLP configuration using 70 neurons from the hidden layer predicts the electrical resistivity of the soil with an absolute mean error (MAPE) of 10.41%, a relative mean square error (RRMSE) of 12.00% and R 2 of 81.91%. Thus, by using meteorological parameters (state of nature during and before the day of the measurement, the ambient temperature at the measurement point) and geo-referenced coordinates (longitude, latitude, altitude), we can predict the electrical resistivity of the soil.
Before ended this paper, it should be noted that, speaking of the water content, the more water there is in a material, the more support there is for the ionic movement and therefore the greater its conductivity. For temperatures above the freezing point of water, a decrease in temperature increases the viscosity of the water. This induces a decrease in the mobility of the ions dissolved there in, which causes a decrease in the conductivity and therefore an increase in the resistivity. If the temperature goes below the freezing point of water, there is a sharp decrease in the effective porosity of the soil, which causes a very significant decrease in conductivity. In other way, the surface of the leaflets that make up the clay is generally negatively charged. This structure has natural imperfections and therefore ions are likely to be adsorbed on the faces of the sheets of the clay. When the clay is found in the presence of water, the conduction is greatly facilitated by ion exchange between the water and the surface of the colloids. For any material, the presence of clay increases its electrical conductivity.
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